This article analyses the formation of emissions and their impact on the quality of the environment in the production of iron ore agglomerates with the addition of biomass. Agglomeration operations long time rang among the largest air polluters. The contemporary trend is manifested mainly by the reduction of pollutants emitted into the atmosphere; therefore, it is relevant to deal with this issue. The amount and chemical composition of harmful substances released by the production of iron ore agglomerate is affected by a large number of factors, but mainly by chemical and granulometric charge composition, amount, type and granulometry of fuel, but also technological parameters of sintering, such as negative pressure, thickness of sintered layer, charge permeability or speed and amount of sucked air. Analysis of the effect of the addition of biomass on the production of emissions in agglomeration process was carried out by experiments with laboratory sintering pan. Based on the results of laboratory sinterings, with the substitution of coke breeze by charcoal in the amounts of 8 %, 14 %, 20 %, 44 %, 50 % and 86 %, it can be stated that there was no significant over-production, or reduction of emissions of CO2 and CO when compared to coke breeze as fuel. In the case of NO and NOx emissions, there was observed some more significant reduction in the sintering with 44 %, 50 % and 86 % replacement of coke breeze by charcoal. Overall, the issue of coke breeze substitution in the agglomeration process with various types of biofuels is justified, but it should be explored in more detail.
Introduction
Agglomeration operation in the metallurgical company belongs among the largest sources of atmospheric pollution. Fumes are produced mainly in the processes of sintering and cooling of agglomerate [1] , [2] , [3] . As the quantity and quality of energy needs are constantly changing, the actual trend is focused primarily on finding renewable energy sources [4] . Combustion of coke as a fuel in agglomeration charge contributes significantly to the production of greenhouse gases, which are CO, CO 2 , SO x and NO x . Sulfur oxides (mainly SO 2 ) in the gas arise primarily from the combustion of coke breeze in the agglomeration charge. Total input of sulfur varies from 0.28 to 0.81 kg/t agglomerate. Concentrations of SO 2 emissions are typically 400-1000 mg SO 2 /Nm 3 or 800-2000 g SO 2 /t of agglomerate. Nitrogen oxides NO x can be formed either by combustion of organic nitro-compounds in the agglomeration charge, by reaction of decomposition components with molecular nitrogen in the combustion chamber or by the reaction of molecular oxygen with molecular nitrogen in the combustion air. Emission factors 400-650 g NO x /t of agglomerate represent the concentration (at 2100 Nm 3 /t of agglomerate) 200-310 mg NO x /Nm 3 . Formation of hydrocarbon emissions during agglomeration process is solved by burning of hydrocarbons that are released from the volatile combustible carbonaceous fuel. Recycled materials, such as rolling scales from the rolling process (containing up to 10 % oil), are the main source of hydrocarbon emissions from agglomeration belts. Recorded emission concentrations determined by flame ionization detector (FID) are 49-109 mg C/Nm 3 (11 measurements 66 ± 18 mg C/Nm 3 ), 20-90 mg C/Nm 3 (32 measurements, 51 ± 21 mg C/Nm 3 ). Constantly increasing demands for environmental protection and the price of coke contribute to the continuous improvement of production processes. The combination of these factors represents an opportunity to consider alternatives to coke as a fuel in the agglomeration of iron ores [5] , [6] , [7] . In recent years, biomass is becoming an attractive alternative source of fuel energy. The amount of biomass for energy use in the Slovak Republic is in total 42 %. Energy potential in terms of wood and forest biomass from domestic sources should reach by 2020 annually a value of about 28,500 TJ. In the case of Slovakia, it can be stated that to the greatest extent could be used fast-growing tree species with the largest presence in our country, such as willow, poplar, linden, spruce, birch and trees growing in the vicinity of water bodies. Some potential is also in annual plants such as sunflower and colza [8] , [9] , [10] . The use of charcoal for iron ore agglomeration has the potential for significant reduction of environmental impact. Its use in the production process reduces production of carbon dioxide by approximately 65 %. So far, multiple laboratory studies provide important evidence regarding emission production. Substitution of coke breeze by charcoal, straw and sawdust in the amount of 40 %, 20 % and 15 %, respectively, may lead to reduction of CO emissions by 18.65 %, 7.19 % and 5.39 %, in the case of SO x emissions 38.15 %, 31.79 % and 28.90 %, NO x by 26.76 %, 18.31 % and 15.49 %, respectively. It could also lead to the effect that part of the carbon dioxide emissions from the process, in the case of renewable resource use, could compensate for carbon dioxide emissions produced using non-renewable fossil fuels [11] . Experimental results also show that the fuel mixture, where 20 % of the thermal input of the coke breeze was replaced by charcoal, can under normal conditions contribute to the yield and productivity increase of sintering up to 8 % [12] . Another study dealing with the use of olive residue, sunflower, almond and hazelnut shells arrived to the following results. The average calorific value of the selected materials dry biomass accounted for 65 % of the value of coke. It was found that a lower energy input of these materials has been caused by a slightly higher evaporation rate of some volatile substances. Replacement of 25 % coke by sunflower manifested closest thermal profile to 100 % coke with particle size from 0.6 to 0.8 mm. On this basis, authors of the study recommended for biomass combustion with coke a grain size smaller than 1 mm, but the experiments were also carried out with a biomass particle size below 3 mm and 2 mm, respectively [8] . Literary sources describing the possibility of biomass use in the agglomeration process present also these following facts:
• depending on the type of biomass, it is possible to replace about 20 % of coke breeze,
• biomass fuel can contribute to increased productivity,
• the efficiency of biomass fuel burning may be higher due to its higher porosity and large contact surface in comparison with coke breeze alone, • there is shortening of the total time of sintering in direct connection with the porosity of biomass,
• there is an increase in the proportion of return agglomerate (below 5 mm),
• bulk density of agglomerating mixtures decreases according to tests using biomass fuels, • with increasing replacement ratio of coke breeze by biomass the FeO content in the agglomerate decreases Chyba! Nenašiel sa žiaden zdroj odkazov., [14] , [15] , [16] . The results presented on the basis of completed studies support the idea that the use of wood biomass/charcoal as a substitute for coke in agglomeration exceeds coke in many aspects, whereby the orientation of the charcoal appears to be favorable [7] , [13].
Experimental materials and methods
Input materials used in this study can be divided into three groups on the metal-bearing materials (concentrate and agglomeration ore), fluxes (limestone and dolomite) and fuel (agglomeration coke and charcoal). The chemical analyses of the raw materials constituting an agglomeration mixture are shown in Table 1 . 
Results and discussion
The experimental sintering show that in terms of emission production, the impact of the coke breeze substitution by charcoal in the amount of 8 %, 14 %, 20 %, 44 %, 50 % and 86 %, respectively was not significant as to the increase or decrease in average production of the CO 2 and CO emissions, as shown in Fig. 1 . This fact is confirmed by the values of combustion efficiency, which differed little for each sintering, as shown in Table 2 . The values were in the range 0.85-0.89. Emission concentrations in the gas were in the case of CO 2 from 5.57 to 9.41 % and for CO from 0.62 to 1.51 %. Slight variations in the individual sintering could be due to technological factors or higher levels of permeability of agglomeration charge in the case of sintering with 14 % substitution of coke breeze by charcoal, when also the highest emission levels were measured. Lower values of CO and CO 2 at higher replacement ratios by biofuel could also occur due to a lower content of total carbon in charcoal. In the case of emissions of NO x and NO, there were observed significant differences especially for substituting coke breeze by biofuel in amounts 44 %, 50 % and 86 %. In these cases, there was a decrease in NO x emissions from 0.017 % to 0.006 % and NO from 0.016 % to 0,004 %, as shown in Fig. 2 . In direct connection with this fact, there was also a decrease in balance losses and the amount of particulate matter emissions, as shown in Fig. 3 and Fig. 4 . Permeability of agglomerating charge is important from the point of view of enabling the flow of the gas phase through the layers of the sintered mixture during the process of the agglomerate production. By increasing the permeability of the mixture from 0.18 to 0.245 m 3 /min, which means 36 %, increased the amount of produced particulate matter emissions by 41 %, as shown in Fig. 5 . Slightly higher proportion of PM was recorded only in the case of sintering with 14 % substitution of coke breeze, which could be due to higher permeability of the agglomerating mixture at the level 0.245 m 3 /min. For sintering with the replacement ratios from 20 % to 86 %, the permeability of agglomeration mixtures was about 0.21 m 3 /min. In the case of emissions of either CO or CO 2 , with increasing sintering speed occurred the increase in the amount of generated CO and CO 2 , as shown in Table 3 . This can be explained by possible short-term increase in negative pressure leading to an increase in the speed of air flow through the sintered layer. In this case, a relatively fast flow of air carries away CO produced on the surface of the burning fuel to the cold zone so rapidly that it is not completely oxidized by atmospheric oxygen. In the case of NO x and NO emissions, they decreased with increasing speed of the sintering, as shown in Fig. 6 and Fig. 7 . This fact is important for the design of environmentally sound technology of agglomerate production. Regarding the total time of sintering, for sintering with 0-20 % substitution of coke breeze by charcoal there was a reduction of the total time of sintering by about 30 %; from 30.12 minutes to 20.06 minutes, as shown in Fig. 8 . For sintering with 44-86 % replacement ratios, the total sintering times were about 22 minutes. We can say that higher levels of coke breeze substitution by biomass may lead to a reduction of the total time of sintering. This could be caused by the fact that biomass is characterized by higher porosity and reactivity, which could lead to faster burning of biomass fuel and reduce the time of sintering.
Fig.1 Average concentrations of CO 2 and CO emissions in gas

Fig.8 Sintering time
Conclusions
Overall, the replacement of coke breeze by biofuel in the amount of 8 %, 14 %, 20 %, 44 %, 50 % and 86 %, had no significant effect on the increase or decrease of the average percentages of CO 2 and CO in the gas for individual sintering. In the case of NO and NO x , significant reduction of their content by approximately 50 % was recorded for 44 %, 50 % and 86 % replacement ratios of coke breeze by charcoal. Slight variations could be due to technological factors, minor variations or irregularities in the measurement. Based on the performed experimental sintering and evaluation of measured and calculated results, we arrive to following recommendations:
• carry out further studies to determine economic feasibility of this technology, because of the higher price of charcoal compared to coke breeze especially at higher replacement ratios, with increasing costs, • perform of sintering with other types of biofuels, oak or beech sawdust, maybe nut shells, for the purpose of comparing their impact on emissions production, • maintain a constant negative air pressure sucked through the sintered layer at 5 kPa during sintering, because of its direct impact on the amount of emissions produced in connection with sintering speed, • adhere with stable humidity of agglomeration mixtures in the range 7-8 %, which has a direct effect on the permeability of agglomeration charge, sintering speed and consequently the formation of emissions, • do not exceed the replacement ratio of 44 % because of shortening of the total sintering time due to faster burning of biomass fuel directly linked with its higher porosity, and subsequently achieving lower temperatures in the sintered layer with an impact on the quality of the agglomerate, particularly strength. In conclusion, it can be stated that the way of coke breeze replacement by other alternative fuels that are less harmful to the environment, is viable and it should be studied further.
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